BACKGROUND: Managed care organizations put great effort into managing the population of patients with type 2 diabetes mellitus (T2DM) because of the health and economic burden of this disease. In patients with T2DM, weight loss and glycemic control are primary treatment aims to help improve patient outcomes, but these goals are not easily achieved. While achieving these aims requires a multifaceted approach of drug therapy management and lifestyle modification, truly understanding the role of medication adherence in achieving these outcomes is important for both patient and population management. This study expands on existing evidence that weight loss is associated with improved glycemic control by examining the role of medication adherence in achieving these goals in a managed care setting. This study is unique in that these associations are evaluated using multiple sources of data, including medical records for treatment outcomes, pharmacy claims, and patient-reported data to assess medication adherence. These data sources represent those typically available to payers or providers.
D
iabetes affects an estimated 26 million people in the United States with approximately $176 million per year in direct medical costs. 1 A vast majority of patients with diabetes have type 2 diabetes mellitus (T2DM), a population that is typically also overweight or obese. 2, 3 Unfortunately, both T2DM and obesity are independently associated with poor cardiovascular outcomes. 4, 5 However, weight loss as little as 1 kilogram has been associated with improvements in 
What is already known about this subject
• The study shows the specific relationship of adherence with weight loss and glycemic control (i.e., adherence influences weight loss as measured by self-report, and adherence influences glycemic control as measured by either self-report or claimsbased methods).
• Structural equation models are valuable tools to demonstrate the association between contributing variables in diabetes outcomes.
What this study adds
ated with good glycemic control. Adherence is associated with weight loss according to self-report, but not claims-based adherence measures.
Adherence is also associated with glycemic control as measured by the 2 different methods. This study adds to the body of literature highlighting the importance of adherence as well as weight loss in achieving good glycemic control. The fact that the association of weight loss and adherence on glycemic control outcomes was significant regardless of medication adherence method is important in payer-provider collaborations, where access to data sources to evaluate adherence may vary. This study also supports continued investment in weight loss and adherence programs in the management of patients with T2DM.
■■ Methods Patients and Data
This was a historical cohort study of patients treated in the Geisinger Health System (GHS) from January 1, 2009, to October 31, 2011. GHS is an integrated health system in central Pennsylvania that serves more than 3 million patients and comprises more than 880 physicians. Additionally, GHS is affiliated with Geisinger Health Plan (GHP), one of the largest rural health maintenance organizations in the United States.
Nearly one-third of GHS patients have insurance coverage through GHP. Data for this study were acquired from 3 sources, the GHS electronic medical record (EMR), GHP pharmacy claims, and a survey of GHS patients with T2DM.
Patients were included in the study if they had T2DM and were prescribed a class of diabetes medication not previously prescribed between November 1, 2010, and April 30, 2011. Patients were identified as having T2DM by International Statistical Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code (250.x0 or 250.x2), fasting blood glucose ≥ 126 milligram per deciliter (mg/dL), random blood glucose ≥ 200 mg/dL, hemoglobin A1c (HbA1c) ≥ 7.0%, or a prescription order for an oral diabetes medication. The index date was defined as the date of the new diabetes medication class prescription order. Diabetes drug classes included metformin (MET), sulfonylureas (SU), thiazolidinediones (TZD), dipeptidylpeptidase-4 inhibitors (DPP-4), glucagonlike peptide-1 agonists (GLP-1), insulin (INS), or others (e.g., meglitinides, pramlintide, or α-glucosidase inhibitors). Patients included in this study were required to have measurements of HbA1c and weight at index date (-90/+30 days) and at 6 months post-index date (± 90 days) in the EMR, with ≥ 90 days between the baseline and follow-up HbA1c measures. Patients were excluded if they had type 1 diabetes (ICD-9-CM 250.x1 or 250. x3), if they were prescribed ≥ 2 new diabetes medication classes on the index date, including fixed-dose combinations; if they had a diagnosis for dementia or other cognitive impairment that may have affected their ability to answer survey questions; or if they resided in a nursing home. Finally, patients were required to have GHP coverage, at least 1 prescription claim for the index drug, and a GHS physician as their primary care provider.
Self-Reported Adherence
Of the patients identified in the EMR, 1,000 were randomly selected, regardless of GHP coverage, and invited to participate in a telephone survey that included a validated adherence questionnaire and additional adherence-related questions developed by the authors of this study. The survey was conducted in March 2012, approximately 9 to 15 months after the index date. Patients were contacted by trained interviewers, and up to 15 attempts were made to reach each patient. Patients were glycemic control, blood pressure, and lipid outcomes in patients with T2DM. [6] [7] [8] [9] As a result, weight management has become increasingly important in patients with T2DM. [10] [11] [12] Because of the high costs of care and risk of complications that negatively impact quality of life, T2DM is often a top priority for population management within managed care organizations and for providers. However, achieving treatment goals of weight loss and glycemic control can be difficult. Attaining these goals requires multifaceted interventions, involving significant lifestyle modifications that include diet and exercise changes. An additional challenge for patients with T2DM trying to manage their weight is that several diabetes medications are associated with weight gain. 13 Conversely, several other antidiabetic medications are associated with weight loss or weight neutrality, and these agents can be used as treatment alternatives in patients with concurrent weight loss goals. [14] [15] [16] [17] Adherence to diabetes medications is another important aspect of managing patients with T2DM and has been associated with improved glycemic control. [18] [19] [20] Medication adherence is complex, involving multiple patient behavioral components, including medication acquisition and prescription filling, comprehending the instructions from the prescriber and following them, and remembering to take the medication. Various methods are available to assess adherence, but they measure different behavioral components of adherence. For instance, adherence measures that are based on pharmacy claims data, available to payers and to some providers via integrated electronic health records, can be used to examine the duration and extent of medication possession and are used as a surrogate for actual drug taking. 21 Self-reported adherence measures attempt to examine whether or not patients are taking the medication as prescribed but may be subject to reporting bias. 22 Selfreported measures of adherence can be used to examine intentional and unintentional adherence behaviors. 23 A concern for payers and providers collaborating on the care of populations is that these different components of adherence may not be correlated; therefore, it is questionable whether these different measures can be used interchangeably to predict outcomes. These concerns are appropriate, as the agreement between selfreported and claims-or refill-based measures of adherence is mixed, with most studies reporting a weak correlation. [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] Yet, whether these measures are similar in impacting outcomes is unknown and is an issue that should be of concern to payer and provider collaborative efforts to manage a population of patients with diabetes.
The purpose of this study was to examine the relationships between medication adherence and weight change on glycemic control in patients with T2DM prescribed a class of diabetes medication not previously used. Self-reported and claimsbased measures of adherence were used to examine whether the association between adherence, weight change, and glycemic control were altered when different types of adherence measures were used. 36,37 A score of 25 was considered adherent, while a score of < 25 was considered nonadherent. Through 15 additional questions developed by the authors, patients were also asked to report their reasons for nonadherence, their perceptions about treatment-related weight gain or loss, health care professional communication of treatment-related weight effects, and weight changes they experienced, if any, during treatment with the index diabetes medication.
Claims-Based Adherence
GHP pharmacy claims data were used to calculate claims-based adherence. Adherence was calculated using the modified medication possession ratio (mMPR), which calculates adherence as the total days supplied divided by the number of days from the first claim to the last claim plus the days supplied on the last claim. 21 The mMPR was selected because it most closely reflects the time frame and manner that patients were asked via the survey to report adherence. A calculated mMPR ≥ 0.8 was considered adherent, whereas < 0.8 was considered nonadherent.
Outcomes
Glycemic control and weight outcomes were derived from the EMR at 6 months post-index date (± 90 days). Outcomes were dichotomized, with glycemic control defined as an HbA1c < 7.0% (vs. ≥ 7.0%) and weight loss defined as a ≥ 3% decrease in body weight (vs. no weight loss or weight loss < 3%). A change in body weight of at least 3% was used because it is not likely due to measurement error or normal weight fluctuations and is also considered clinically meaningful.
38,39

Statistical Analyses
Descriptive statistics were used to report the baseline characteristics of the study cohort overall and stratified by indexdate diabetes drug class, grouped by drugs with weight loss properties (MET, 16, 17 GLP-1) or drugs with weight neutral or 
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weight gain properties (SU, TZD, DPP-4, INS, others). To assess the effect of the index drug on weight despite prior therapy, patients were assigned to the drug group based only on the index diabetes drug. Baseline characteristics were compared between drug groups using independent t-tests for continuous variables and chi-square or Fisher's exact tests as appropriate for categorical variables. The proportion of patients classified as adherent was compared between drug groups using chi-square tests. Paired t-tests were used to examine weight and HbA1c changes from baseline to 6 months (± 90 days) in the adherent and nonadherent groups. Additionally, independent t-tests were used to examine unadjusted differences in weight and HbA1c changes between adherent and nonadherent patients.
Structural equation models (SEM) were developed to simultaneously assess the associations between diabetes medication adherence, weight change, and attaining HbA1c goal while controlling for drug group and baseline characteristics ( Figure 1 ). SEMs were needed for the analysis because they allow for multiple endogenous and exogenous variables, as well as latent variables. 40 Exogenous variables are similar to predictor variables in linear or logistic regression because they are used as predictors and are not themselves predicted by other variables. Baseline characteristics were included as exogenous variables in this study (age, sex, comorbidities, baseline HbA1c, baseline body mass index, previous diabetes medication treatment, and all previous treatments). Endogenous variables are similar to outcome variables in linear or logistic regression because they are predicted by other variables. However, they are dissimilar in that there may be more than 1 endogenous variable, and they may also be used to predict other endogenous variables. In this study, endogenous variables included index date drug group, adherence, weight change, and HbA1c change. Latent variables are variables that are not directly measured in data but are derived from other observed or measured variables. In this study, patient medication beliefs and experiences were assessed as a latent variable derived from corresponding ques- tions on the survey (i.e., perceptions about treatment-related weight changes, weight changes experienced, and communication from a health care provider about treatment-related weight changes). Figure 1 details the relationships between variables explored in the SEMs in this study. Analyses were performed using SAS 9.2 (SAS Institute, Cary, NC), and the SEM analyses were performed using Mplus 6.11 (Muthen & Muthen, Los Angeles, CA). The study was reviewed and approved by the institutional review boards at the University of Utah and Geisinger Health Systems.
■■ Results
The GHS EMR had 31,767 patients with T2DM during the study period. Of those, 580 patients responded to the survey and provided information on adherence, and only 166 patients met all the inclusion criteria, including having GHP coverage and at least 1 pharmacy claim for the patient-reported index date medication (Figure 2 ). Baseline characteristics of patients by the 2 treatment groups are reported in 
All figures other than P values are given as n (%), except for cells in green, as labeled in the left-hand column. BMI = body mass index; DPP-4 = dipeptidylpeptidase-4 inhibitors; GLP-1 = glucagon-like peptide-1 agonists; HbA1c = hemoglobin
TABLE 1
Baseline Characteristics of Study Population Stratified by Index Drug Group a
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When using the SEMs to control for potential confounders, the results based on either self-reported (MARS-5) or claimsbased (mMPR) adherence were similar ( Table 2 ). The only exogenous variable significantly associated with selection of drug treatment was the number of diabetes medication classes previously prescribed. The greater the number of classes previously prescribed, the lower the odds of being prescribed a diabetic medication associated with weight loss (MARS-5: odds ratio [OR] = 0.25, 95% confidence interval [CI] = 0.18-0.35; mMPR: OR = 0.32, 95% CI = 0.19-0.55). None of the considered variables were significantly associated with adherence in either model.
In both models, the weight loss diabetes medication group was associated with weight loss ≥ 3% (MARS-5: OR = 2.96, 95% CI = 1.93-4.60; mMPR: OR = 3.53, 95% CI = 1.60-7.80) relative to the weight gain/neutral diabetes medication group. However, only the SEM using MARS-5 self-reported adherence found that adherence was significantly associated with weight loss (MARS-5: OR = 1.70, 95% CI = 1.11-2.61; mMPR: OR = 1.59, 95% CI = 0.66-3.83).
In both SEMs, weight loss ≥ 3% (MARS-5: OR = 3.60, 95% CI = 2.39-5.46; mMPR: OR = 2.99, 95% CI = 1.45-6.17) and adherence (MARS-5: OR = 1.59, 95% CI = 1.09-2.34; mMPR: OR = 2.70, 95% CI = 1.22-5.98) were associated with being at HbA1c goal at 6 months. In contrast, higher baseline HbA1c was associated with a lower likelihood of being at HbA1c goal (MARS-5: OR = 0.71, 95% CI = 0.62-0.82; mMPR: OR = 0.70, 95% CI = 0.53-0.92).
(56.0%). Mean baseline HbA1c was 8.1% (SD = 1.6), but there was no difference in HbA1c between the drug treatment comparison groups. The weight loss drug group had a significantly higher proportion of treatment-naïve patients compared with the weight gain/neutral group (72.4% vs. 8.3%, P < 0.001). These patterns likely reflect the recommendations for the use of MET as first-line therapy, except when patients have reduced renal function or other contraindications.
Overall, diabetes medication adherence in the study was high, with 72.3% classified as adherent based on self-reported data and 77.1% from claims data. However, the agreement between the scales was low (kappa coefficient = 0.142), with 58.4% classified as adherent on both scales, and 9.0% of patients classified as nonadherent on both scales. The proportion of patients determined to be adherent did not differ significantly between drug groups for either adherence measure.
In the unadjusted analyses, patients had statistically significant reductions in HbA1c from baseline to follow-up overall (P < 0.001) and when stratified by adherence (Figure 3) . However, there was not a statistically significant difference in HbA1c change between the adherent and nonadherent groups for either measure of adherence (MARS-5: P = 0.100; mMPR: P = 0.163). Adherent patients, using both the self-report and claims-based measures, had significant changes in body weight from baseline (P < 0.001 for both), but nonadherent patients did not. However, similar to HbA1c change, there was no significant difference in changes from baseline between the adherent and nonadherent patients (MARS-5: P = 0.446; mMPR: P = 0.771). 
The current study builds upon a previous study that examined the association between weight loss and HbA1c control in treatment-naïve patients with T2DM, initiating treatment in a large national EMR database. 41 The previous study found a significant association between weight loss and glycemic control when adjusting for the weight-effect properties of medications. However, that study only included treatment-naïve patients, did not include patients receiving insulin, and did not capture information and control for the effect of medication adherence on outcomes. The current study therefore builds upon the authors' previous work by incorporating medication adherence into the analyses.
There are several possible reasons why adherence has not been previously incorporated into outcome studies of this nature. These include the fact that measuring and interpreting the impact of medication adherence on outcomes is challenging. For example, adherence to drug therapy is complicated, particularly in patients with chronic diseases, because it involves several components. The components of adherence include drug acquisition, comprehension of instructions, and ■■ Discussion This historical cohort study of patients with T2DM treated in a managed, integrated care setting confirmed previous studies in finding that weight loss ≥ 3% was associated with being at HbA1c goal (HbA1c < 7.0%) after initiating a newly prescribed class of diabetes medication. 41 Further, this study found that the association between weight loss and glycemic control remained when controlling for medication adherence. Additionally, selfreported adherence to diabetes medication was associated with weight loss ≥ 3%, while both self-reported and pharmacy claims-based adherence were associated with being at HbA1c goal. The study also identified that patients receiving an oral diabetes medication known to be associated with weight loss were more likely to experience weight loss of ≥ 3% than those receiving an antidiabetic medication associated with weight gain or weight neutrality. The current study is unique not only in considering the role of adherence in diabetes outcomes, but by adjusting for adherence using both self-reported adherence, a means that providers could use to assess adherence, and claimsbased methods, an approach more readily available to payers.
SEM Using Self-Reported Adherence (MARS-5)
SEM Using Claims-Based Adherence (mMPR) memory, which are measured in different ways. Because GHS has access to clinical records and pharmacy claims data, and it has a research infrastructure for contacting patients, the relationship between adherence, weight loss, and glycemic control could be explored in this setting using self-reported and claims-based adherence. The fact that adherence was associated with good glycemic control regardless of the measure used suggests that beneficial outcomes are associated with adherence overall, rather than with specific adherence behaviors. While not specifically designed to determine the association of specific patient behaviors with treatment outcomes, these findings suggest that interventions that address any or all components of nonadherence could help improve outcomes. Further, the 2 measures of adherence were not correlated in this study. However, the data suggest that either method for measuring adherence would be appropriate for health plans and providers to use in assessing the association between adherence and glycemic control in their shared populations.
Results of the Structural Equation Models (SEM)
This study recognizes that patients may have discontinued the index drug prior to the end of the 6-month follow-up period. Because the intent of the study was to examine the effects of the index drug on weight and HbA1c, patients who reported taking the index date drug for at least 30 days were asked to respond to the MARS-5 based on their recollection of the first month of treatment. A key design consideration of this study was then selecting a claims-based adherence measure that would assess adherence during this initial time period. However, many measures of adherence calculated from pharmacy claims do not take into account early discontinuation of the drug. By considering adherence while the patient was obtaining medication fills versus a fixed period of time, the mMPR most closely resembled the way adherence was assessed via the survey.
Limitations
There are several limitations to this study. First, this was an observational study, and the influence of unmeasured confounders on the results is unknown. The data sources used in this study did not include data on other variables known to influence both weight and HbA1c outcomes. Notably, this study could not control for adherence to diet and exercise recommendations, which may be associated with medication adherence and could also influence weight outcomes and glycemic control. There may also be confounding by indication, as the weight loss drug group had a significantly higher proportion of patients who were treatment naïve. This higher number may indicate more severe disease in the weight gain/neutral drug group. Though the SEMs adjusted for number of prior diabetes medications prescribed, there may be some residual confounding by indication related to disease severity.
In addition, self-reported adherence is subject to recall bias, and using MARS-5 in a historical context may have increased this risk. In addition, mMPR is known to report higher rates of adherence than other claims-based measures, such as the proportion of days covered. 21 Further, HbA1c goal attainment was used as the primary outcome, and it may be more difficult for patients with very high HbA1c values at baseline to attain the goal. However, this outcome reflects the goals of clinical practice and what is expected of clinicians in treating most patients.
The generalizability of the results may be limited, as the study included a relatively small number of patients from Pennsylvania from a single integrated health system. A significant majority of the patient population was Caucasian, and the mean baseline weight was higher than has been seen in previous observational studies. 41 GHS also has a diabetes system of care for persons with diabetes that includes expectations that providers will measure HbA1c every 6 months and maintain HbA1c < 7.0%, in addition to monitoring and setting targets for other measures, such as cholesterol, blood pressure, urine protein, vaccinations, and smoking status. 42, 43 While weight management is not a targeted measure, providers participating in this system of care are probably also counseling patients about the importance of weight control in T2DM. This system of care was well established at the time of the study, and diabetes care was not likely to differ by drug class and thus not likely to bias the effect of drug selection on weight loss. However, provider compliance with the system of care may be reflected in better medication adherence as well as better glycemic control. Finally, this environment may not be representative of care received by patients in other settings.
To be included in the study, patients were required to have a GHS primary care provider, which may indicate that the population had greater continuity of care than the overall population of patients with T2DM. The exclusion of patients who took the drug for less than 1 month may also have introduced a selection bias, particularly with regard to adherence outcomes. However, the primary outcome was HbA1c control at 6 months, and the analysis that was performed may better reflect actual treatment received by patients and the impact of this treatment on glycemic outcomes.
The management of patients with T2DM is an ongoing challenge for payers and providers, with shared goals of improving patient outcomes. The associations between adherence, weight loss, and glycemic control seen in this study of patients treated in a managed care setting underscore the importance of promoting weight loss and improving adherence to help patients achieve glycemic control. Even small amounts of weight loss appear to have a clinically meaningful impact on glycemic control, and the weight-effect properties of diabetes medications can play a role in weight outcomes. Current guidelines recommend using MET first line and, as diabetes is a progressive disease, they also recommend choosing second-line agents and doses to avoid weight gain. 13, 44 This study also suggests that payers and providers can target nonadherent patients for interventions using either self-reported or claimsbased adherence with confidence that improving adherence in these patients will likely lead to improved glycemic control. Payers and providers should continue to take an individualized approach to patient care, including making available and appropriately using diabetes medications with a discussion of their weight effects and other potential adverse effects, stressing the importance of adherence to drug regimens, and setting goals for weight management.
■■ Conclusions
This study showed that patients receiving an oral diabetes medication known to be associated with weight loss were more likely to experience weight loss than those receiving an antidiabetic medication associated with weight gain or weight neutrality. Further, this study highlights the importance of weight loss and medication adherence in attaining good glycemic control among persons with T2DM. This information emphasizes the importance of targeted programs to promote adherence and weight management in efforts to help patients with T2DM achieve glycemic control.
